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(54) METHOD FOR MANUFACTURING SIUCON CARBIDE SEMICONDUCTOR DEVICE 
(57)Abstract 

PROBLEM TO BE SOLVED: To contrive high mobility in a channel 
region by a method wherein a large uneven ness is not formed in the. 
channel region by a heat process for activating impurities. 
SOLUTION: A p-type impurity is ion-implanted to a specified region 
of a surface layer part of an n — type silicon carbide epitaxial layer 2. 
The p-type impurity is activated by a heat process under the silicon 
carbide atmosphere to form p — type silicon carbide base regions 3a. 
3b having a specified depth. Thus, the heat process for activating 
the p-type impurity ion-implanted for forming the p — type silicon 
carbide base regions 3a. 3b is made under the silicon carbide 
atmosphere, whereby silicon carbide sublimes (evaporates) from a 
surface of the n — type silicon carbide epitaxial layer 2 and vanishes, 
and additionally the silicon carbide is supplied onto the surface by 
subliming (crystal-growing). Therefore, the n — type silicon carbide 
epitaxial layer 2 can be formed so as not to form large unevenness. 
Therefore, it is possible to make efFicient a surface channel layer 5 
formed on a surface of this n — type silicon carbide epitaxial layer 2. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A manufacturing method of a silicon carbide semiconductor device characterized by comprising the 
following. 

A process of forming a semiconductor layer (2) of the 1st conductivity type that consists of high resistance silicon 
carbide rather than this semiconductor substrate on a main table side of a semiconductor substrate (1) of the 1st 
conductivity type that consists of silicon carbide. 

A process of carrying out the ion implantation of the 2nd conductivity-type impurity to a predetermined region of a 
layer part of said semiconductor layer. 

A process of forming base area (3a, 3b) of the 2nd conductivity type that heat-treats under silicon carbide 
atmosphere, activates said 2nd conductivity-type impurity, and has a prescribed depth. 

A process which grows epitaxially a surface channel layer (5) used as channel regions into the upper part of said 
semiconductor layer and said base area. A process of touching said surface channel layer and forming the source 
region (4a, 4b) of the 1st conductivity type shallower than this base area in a predetermined region of a layer part of 
said base area, A process of forming a gate electrode (8) in the upper part of said surface channel layer, and forming 
a source electrode (10) which touches said base area. 

[Claim 2]A manufecturing method of the silicon carbide semiconductor device according to claim 1 characterized by 
comprising the following. 

A process to which a process of forming said source region carries out the ion implantation of the 1st conductivity- 
type impurity. 

A process which heat-treats under silicon carbide atmosphere and activates said 1st conductivity-type impurity. 

[Claim 3]A manufacturing method of the silicon carbide semiconductor device according to claim 2 performing 
simultaneously heat treatment which activates said 2nd conductivity-type impurity, and heat treatment which 
activates said 1st conductivity-type impurity. 

[Claim 4]A manufacturing method of a silicon carbide semiconductor device of any one statement of claim 1 thru/or 

3 making said silicon carbide atmosphere into a pressure which silicon carbide sublimates, and an almost equivalent 
pressure. 

[Claim 5]A manufacturing method of a silicon carbide semiconductor device of any one statement of claim 1 thru/or 

4 forming said silicon carbide atmosphere with mixed gas which consists of silicane compound gas and hydrocarbon 
compound gas. 

[Claim 6]A manufacturing method of a silicon carbide semiconductor device of any one statement of claim 1 thru/or 
4 forming said silicon carbide atmosphere by heat-treating with a dummy substrate (120) which consists of silicon 
carbide which it had apart from said semiconductor substrate. 

[Claim 7]A manufacturing method of a silicon carbide semiconductor device of any one statement of claim 1 thru/or 
4 forming said silicon carbide atmosphere by heat-treating with powder which consists of silicon carbide. 
[Claim 8]A manufacturing method of a silicon caHaide semiconductor device characterized by comprising the 
following. 

A process of forming a semiconductor layer (2) of the 1st conductivity type that consists of high resistance silicon 
carbide rather than this semiconductor substrate on a main table side of a semiconductor substrate (1) of the 1st 
conductivity type that consists of silicon carbide. 

A process of carrying out the ion implantation of the 2nd conductivity-type impurity to a predetermined region of a 
layer part of said semiconductor layer. 

A process of growing epitaxially a surface channel layer (5) used as channel regions into the surface of said 
semiconductor layer with an epitaxial grown method, and activating said 2nd conductivity-type impurity and forming 
base area (3a. 3b) of the 2nd conductivity type by heat treatment of this epitaxial growth. 

A process of touching said surface channel layer and forming the source region (4a. 4b) of the 1st conductivity type 
shallower than this base area in a predetermined region of a layer part of said base area, A process of forming a 
gate electrode (8) in the upper part of said surface channel layer, and forming a source electrode (10) which touches 
said base area. 

[Claim 9]A manu^cturing method of a silicon carbide semiconductor device characterized by comprising the 
following. 
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A process of forming a semiconductor layer (2) of the 1st conductivity type that consists of high resistance silicon 
carbide rather than this semiconductor substrate on a main table side of a semiconductor substrate (1) of the 1st 
conductivity type that consists of silicon carbide. 

A process of carrying out the ion implantation of the 2nd conductivity-type impurity to a predetermined region of a 
layer part of said semiconductor layer. 

A process of carrying out the ion implantation of the 1st conductivity-type impurity to a predetermined region of a 
layer part of said semiconductor layer. 

With an epitaxial grown method, grow epitaxially a surface channel layer (5) used as channel regions into the surface 
of said semiconductor layer, and. activating said 2nd conductivity-type impurity by heat treatment of this epitaxial 
growth — base area (3a.). A process of forming 3b, and activating said 1st conductivity-type impurity further, and 
touching said surface channel layer in a predetermined region of said base area, and forming the source region (4a» 
4b) shallower than said base area, A process of forming a gate electrode (8) in the upper part of said surface 
channel layer, and forming a source electrode (10) which touches said base area. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Reld of the Invention]Especially this invention relates to an insulated gate field effect transistor and the vertical 
mold power metal-oxide semiconductor field effect transistor especially for big electric power about the 
manufacturing method of a silicon carbide semiconductor device. 
[0002] 

[Description of the Prior Art]These people have applied for what raised channel mobility and reduced on resistance 
by Japanese Patent Application No. No. 259076 [ nine to ] in vertical mold MOSFET. That sectional view is shown in 
drawing 6 b y making planar type MOSFET into an example among this vertical mold MOSFET. and the structure of 
planar type vertical mold MOSFET is explained based on this figure. 

[0003]The n"*" type silicon carbide semiconductor board 1 makes the upper surface the main table side la, and is 
using as the rear face lb the undersurface which is an opposite side of a main table side. On the main table side la 
of this n* type silicon carbide semiconductor board 1, the n " type silicon carbide epitaxial layer (henceforth an n ~ 
type silicon carbide epitayer) 2 which has dopant concentration lower than the substrate 1 is laminated. Although 
the upper surface of the n"^ type silicon carbide semiconductor board 1 and the n ~ type silicon carbide epilayer 2 is 
made into the Si face (0001) at this time, it is good also considering the upper surface of the n^ type silicon carbide 
semiconductor board 1 and the n ~ type silicon carbide epilayer 2 as an a (112-0) side. That is, it is because low 
surface state density will be obtained if a Si face (0001) is used, and the crystal which is low surface state density 
and does not have a screw dislocation thoroughly will be obtained if a (112-0) side is used. The OFF board which 
provided the inclination (3 degrees - about 10 degrees) can also be used. 

[0004]The p ~ type silicon carbide base region 3a and the p ~ type silicon carbide base region 3b which have a 

prescribed depth are estranged and formed in the predetermined region in the layer part of the n " type silicon 

carbide epilayer 2. In the predetermined region in the layer part of the p ~ type silicon carbide base region 3a. The 

n'*" type source region 4b shallower than the base area 3b is formed in the predetermined region [ in / again / in the 

n"*" type source region 4a shallower than the base area 3a / the layer part of the p ~ type silicon carbide base region 
3b ]. respectively. 

[0005]n " type SiC layer 5 is installed in the surface part of the n ~ type silicon carbide epilayer 2 between the n"*" 
type source region 4a and the n"*" type source region 4b. and the p " type silicon carbide base regions 3a and 3b. 
That is, n ' type SiC layer 5 is arranged so that the source region 4a and 4b and the n ~ type silicon carbide epilayer 
2 may be connected in the surface part of the p ~ type silicon carbide base regions 3a and 3b. 
[0006]This n " type SiC layer 5 is formed by epitaxial growth, and the crystal of an epitaxial film uses the thing of 
4H. 6H. and 3C. The epitaxial layer can form various kinds of crystals which are not related to the substrate of a 
ground. This n"*" type SiC layer 5 functions as a channel formation layer in the device surface at the time of 
operation of a device. Hereafter, this n ~ type SiC layer 5 is called surface channel layer. 

[0007]The dopant concentration of the surface channel layer 5 is the low concentration about 1x10 ^^cm~^ - 1x10 

And below the dopant concentration of the n ~ type silicon carbide epilayer 2 and the p ~ type silicon carbide base 
regions 3a and 3b has become. 

Thereby, low-on-resistance-ization is attained. The crevices 6a and 6b are formed in the surface part of the p ~ 
type silicon carbide base regions 3a and 3b and the n'*' type source regions 4a and 4b. 

[0008]The gate dielectric film (silicon oxide) 7 is formed in the upper surface of the surface channel layer 5. and the 
upper surface of the n"** type source regions 4a and 4b. The potysilicon gate electrode 8 is formed on the gate 
dielectric film 7, and this polysilicon gate electrode 8 is covered with the insulator layer 9 which consists of LTO 
(Low Temperature Oxide). On it, the source electrode 10 was formed and the source electrode 10 is in contact with 
the n"*" type source regions 4a and 4b and the p ~ type silicon carbide base regions 3a and 3b. The drain electrode 1 1 
is formed in the rear face lb of the n"*" type silicon carbide semiconductor board 1. 

[0009]Next the manufacturing process of the planar type power metal-oxide semiconductor field effect transistor 
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shown in drawing 6 is explained using drawing 7 ~ drawing 9 . 

[The process shown in drawing 7 ( a)] First, the n type 4H or 6H or 3C-SiC substrate 1. i.e., an n"^ type silicon 
carbide semiconductor board, is prepared. Here, the thickness is 400 micrometers and the main table side la of the 
n"*" type silicon carbide semiconductor board 1 is a Si face (0001) or an a (112-0) side. The 5-micrometer-thick n " 
type silicon carbide epilayer 2 is grown epitaxially to the main table side la of this substrate 1. In this example, the 
same crystal as the substrate 1 of a ground is obtained, and the n " type silicon carbide epilayer 2 turns into the n 
type 4H or 6H or 3C-SiC layer. 

[0010][The process shown in drawing 7 ( b)] After grinding the surface of the n " type silicon carbide epilayer 2, LTO 
film 20 is arranged to the predetermined region on this, the ion implantation of the p type impurity (for example, 
boron and aluminum) is carried out to it by making this into a mask, and the p ~ type silicon carbide base regions 3a 
and 3b are formed in it. When pouring in boron (B"^), temperature is 700-1000 ** and the dose makes the ion- 
implantation conditions at this time 1x10 ^^cm"^. 

[0011][The process shown in drawing 7 ( c)] After removing LTO film 20, the surface channel layer 5 is grown up into 
the layer part of the n ~ type silicon carbide epilayer 2. and the upper part of the p ~ type silicon carbide base 
regions 3a and 3b with an epitaxial grown method. The temperature of heat treatment performed in the case of this 
epitaxial growth is 1200-1800 **. 

[0012]In order to use planar type power metal-oxide semiconductor field effect transistor as a no MARIOFU type at 
this time, thickness (thickness) of the surface channel layer 5 is made into desired thickness. 
[The process shown in drawing 8 ( a)] LTO film 21 is arranged to the predetermined region on the surface channel 
layer 5. the ion implantation of the n type impurity (for example, nitrogen (N"^)) is carried out to it by making this into 
a mask, and the n"*" type source regions 4a and 4b are formed in it The ion-implantation conditions at this time shall 
be 700 **. and the dose is made into 1x10 ^^cm"^. 

[0013][The process shown in drawing 8 ( b)] And after removing LTO film 21. LTO film 22 is arranged to the 
predetermined region on the surface channel layer 5 using the photoresist method, and etching removal of the p ~ 
type silicon carbide base region 3a and the surface channel layer 5 on 3b is selectively carried out by RIE by making 
this into a mask. 

[0014][The process shown in drawing 8 ( c)] LTO film 22 is used as a mask, the ion implantation of the B'*" is carried 
out, and the deep base layers 30a and 30b are formed. Since a part of base areas 3a and 3b become what became 
thick by this, the thickness in the deep base layer 30a and the n ~ type silicon carbide epilayer 2 under 30b becomes 
thin and field intensity can be made high, It becomes easy to carry out an avalanche breakdown in this portion, and 
pressure-proofing can be raised. 

[0015]These deep base layers 30a and 30b are formed in the portion which does not lap with the n*** type source 
regions 4a and 4b, and. Impurity concentration is deeply formed rather than the thin portion of the thickness in 
which the deep base layer 30a is not formed for the portion to which the thickness in which the deep base layers 
30a and 30b were formed among the p ~ type silicon carbide base regions 3a and 3b became thick. 
[0016][The process shown in drawing 9 ( a)] After removing LTO film 22. the gate dielectric film (gate oxide) 7 is 
formed by wet oxidation on a substrate. At this time, ambient temperature may be 1080 Then, the polysilicon 
gate electrode 8 is deposited by LPCVD on the gate dielectric film 7. The forming temperature at this time shall be 
600 

[001 7][The process shown in drawing 9 (b)] Then, the insulator layer 9 which consists of LTO after removing the 
garbage of the gate dielectric film 7 is formed, and it is a wrap about the gate dielectric film 7. In more detail, 
forming temperature is 425 and performs 1000 annealing after membrane formation. An annealing controlled 
atmosphere is made into either N2 or Ar at this time. 

[0018][The process shown in drawing 9 ( c)] And the source electrode 10 and the drain electrode 11 are arranged by 
metal sputtering in a room temperature. 1000 ** annealing is performed after membrane formation. Thus, the 
vertical mold power metal-oxide semiconductor field effect transistor shown in drawing 6 is completed. 
[0019] 

[Problem(s) to be Solved by the Invention]A[though the p ~ type silicon carbide base regions 3a and 3b are formed 
by the ion implantation in planar type MOSFET shown in above-mentioned drawing 6. Usually, after performing an 
ion implantation, in order to activate the poured-in ion. it is necessary to perform heat treatment (activation 
annealing) by the high temperature over 1200 ** (refer to JP,8-8210,A). 

[0020]In order that the silicon carbide (SiC) by which it is placed between the surfaces, such as the p ~ type silicon 
carbide base regions 3a and 3b. by this heat treatment may sublimate (evaporation). It became clear that 
unevenness of the sublimated surface becomes large, worsened the crystallinity of the surface channel layer 5 
which grows epitaxially after this, reduced the electron mobility of the surface channel layer 5, and is making it high 
resistance. 

[0021]In the case where accomplish this invention in view of the point describing above, and channel regions are 
formed by epitaxial growth. It aims at providing the manufacturing method of the silicon carbide semiconductor 
device which can prevent aggravation of the crystallinity of the channel regions by activation of the poured-in 
impurity, also when an ion implantation is performed before growing epitaxially. 
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[0022] 

[Means for Solving the Problem]In order to attain the above-mentioned purpose, the following technical means are 
adopted. In the invention according to claim 1 to 8. to a predetermined region of a layer part of a semiconductor 
layer (2). It is characterized by forming base area (3a, 3b) of the 2nd conductivity type that carries out the ion 
implantation of the 2nd conductivity-iype impurity, heat-treats under silicon carbide atmosphere, activates the 2nd 
conductivity-type impurity, and has a prescribed depth. 

[0023]Thus, by heat-treating activation of the 2nd conductivity^pe impurity which carried out the ion implantation 
in order to form base area under silicon carbide atmosphere. Since silicon carbide not only sublimates and 
(evaporation) disappears from the surface of a semiconductor layer, but silicon carbide is sublimated and (crystal 
growth) supplied to the surface of a semiconductor layer, it can avoid forming big unevenness in a semiconductor 
layer. It can be made a good thing, without worsening the crystallinity of a surface channel layer, in order that such 
a surface state may form a surface channel layer (5) in the surface of a good semiconductor layer. 
[0024]In the invention according to claim 2, a process of forming the source region (4a, 4b) is characterized by 
including a process of carrying out the ion implantation of the 1st conductivity-type impurity, and a process which 
heat-treats under silicon carbide atmosphere and activates the 1st conductivity-type impurity. Thus, when forming 
the source region, the crystallinity of a surface channel layer can be made better by using silicon carbide 
atmosphere and being made to activate an impurity. 

[0025]In the invention according to claim 3, it is characterized by making heat treatment which activates the 2nd 
conductivity-type impurity, and heat treatment which activates the 1st conductivity-type impurity serve a double 
purpose. Thus, if heat treatment for activating the 2nd conductivity-type impurity and the 1st conductivity-type 
impurity is made to serve a double purpose, simplification of a manufacturing process of a device can be attained. In 
the invention according to claim 4, it is characterized by making silicon carbide atmosphere into a pressure which 
silicon carbide sublimates, and an almost equivalent pressure. 

[0026]Thus, if silicon carbide atmosphere is made into a pressure which silicon carbide sublimates, and an almost 
equivalent pressure. Even if it performs heat treatment for activation, unevenness of a semiconductor layer can be 
prevented from becoming large since quantity which silicon carbide sublimates from the surface of a semiconductor 
layer (evaporation), and quantity supplied to the surface of a semiconductor layer by silicon carbide sublimating 
(crystal growth) can be made equivalent. As silicon carbide atmosphere is formed by supplying mixed gas which 
consists of silicane compound gas and hydrocarbon compound gas as shown in claim 5 or it is shown in claim 6. It 
can form by forming by heat-treating with a dummy substrate (110) which consists of silicon carbide which it had 
apart from a semiconductor substrate, or heat-treating with powder which consists of silicon carbide as further 
shown in claim 7. 

[0027]In the invention according to claim 8, carry out the ion implantation of the 2nd conductivity-type impurity to a 
predetermined region of a layer part of a semiconductor layer (2), and further to it with an epitaxial grown method. A 
surface channel layer (5) which serves as channel regions on the surface of a semiconductor layer is grown 
epitaxially, and it is characterized by activating the 2nd conductivity-type impurity and forming base area (3a, 3b) of 
the 2nd conductivity type by heat treatment of this epitaxial growth. 

[0028]Thus, if it is made to heat-treat activation of the 2nd conductivity-type impurity for forming base area by 
heat treatment of epitaxial growth. Rather than quantity which silicon carbide sublimates (evaporation) and 
disappears, since there is more quantity supplied by silicon carbide sublimating (crystal growth), silicon carbide is 
formed at quick speed and a surface channel layer can be formed rather than unevenness is formed on the surface 
of a semiconductor layer. Thereby, the same effect as claim 1 is acquired. Since it is not necessary to heat-treat 
activation of an impurity for forming base area separately, simplification of a manufacturing process of a device can 
be attained. 

[0029]In order to make heat treatment in the case of epitaxial growth use also [ heat treatment / of activation of an 
impurity ]. it is more preferred than heat treatment in the case of epitaxial growth generally performed to grow 
epitaxially at about 1300-1800 *♦ used as high temperature. In the invention according to claim 9. grow epitaxially a 
surface channel layer (5) which serves as channel regions on the surface of a semiconductor layer with an epitaxial 
grown method, and. activating the 2nd conductivity-type impurity by heat treatment of this epitaxial growth — base 
area (3a.) Form 3b, activate the 1st conductivity-type impurity further, and a surface channel layer is touched in a 
predetermined region of base area, and it is characterized by forming the source region (4a, 4b) shallower than base 
area. 

[0030]Thus, can simplify a manufacturing process of a device further by activating an impurity and forming both 
base area and the source region by heat treatment in the case of epitaxial growth, and. An effect of claim 8 is 
acquired and heat treatment of activation of an impurity for forming the source region further can also be prevented 
from forming big unevenness in a surface channel layer. 
[0031] 

[Embodiment of the Invention]Hereafter. the embodiment which shows this invention in a figure is described. 
(A 1 st embodiment) Since the vertical mold power metal-oxide semiconductor field effect transistor shown in this 
embodiment is the same as that of the vertical mold power metal-oxide semiconductor field effect transistor which 
** differs from the former just in the manufacturing method, and is shown in drawing 6 a bout structure, only a 
manufacturing method is explained and the explanation about structure is omitted. In this embodiment, since it is 
almost the same as that of the conventional manufacturing process shown in above-mentioned drawing 7 - drawing 
9, only a different portion is explained and explanation is omitted about the same portion. 
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[0032]First, the process shown in drawing 7 (a) like the above is performed, and the n ~ type silicon carbide epilayer 
2 is formed. Next, the process shown below is carried out. 

[The process shown in drawing 1 ( a)] The ion implantation of the p type impurity is carried out to the predetermined 
region of the n type silicon carbide epilayer 2. Then, in order to activate the poured-in impurity, it heat-treats within 
a high-frequency-induction-heating furnace. The situation of heat treatment at this high-frequency-induction- 
heating furnace is shown in drawing 2 , and is explained. 

[0033]The wafer in which the high-frequency-induction-heating furnace 100 forms a device as shown in drawing 2 
(in this case) n**" type silicon carbide semiconductor board 1 200 in which the n ' type silicon carbide epilayer 2 was 
formed is provided with the heating furnace 102 having the sample table 101 carried, and the coil 103 for heating 
wound around the periphery of this heating furnace 102, and is constituted. The heating furnace 102 can perform 
gas supply now, and can set up the gas atmosphere in a furnace now. 

[0034]Using the high-frequency-induction-heating furnace 100 constituted in this way, the wafer 200 is carried in 
the sample table 101, the inside of a furnace is made into the temperature of 1300-1700 by energizing to the coil 
103, and heat treatment (activation annealing) for activation of an impurity is performed. At this time, the inside of a 
furnace is made into the mixed atmosphere of SiC atmosphere, for example, silicon hydride gas, and hydrocarbon 
compound gas by gas supply, and it heat-treats by making the pressure of atmosphere equivalent to the pressure 
(henceforth sublimation pressure) which silicon carbide (SiC) sublimates. 

[0035]He is trying for the direction of the partial pressure of silicon hydride gas to become higher than the partial 
pressure of hydrocarbon compound gas at this time. This is for carbon to remain in the case of heat treatment and 
has lost silicon short supply by increasing the amount of supply of silicon. The poured-in p type impurity is activated 
by this, and the p ~ type silicon carbide base regions 3a and 3b are formed. 

[0036]Since it is heat-treating by making the pressure of atmosphere equivalent to the sublimation pressure .of 
silicon carbide at this time. The quantity which the silicon carbide of a wafer surface (here surface of the n " type 
silicon carbide epilayer 2) sublimates (evaporation), and disappears. Since it becomes equivalent, and the quantity 
supplied to a wafer surface by silicon carbide sublimating (solidification) crystallizes, the silicon carbide of a wafer 
surface not only sublimates and (evaporation) disappears, but it sublimates to a wafer surface (solidification) and is 
supplied, Heat treatment for activation can be prevented from forming big unevenness in a wafer surface. 
[0037]When it heat-treated on such conditions, only unevenness of about an average of 2 nm was formed in the 
wafer surfece. When heat-treated as reference under the conditions which are not silicon carbide atmosphere, 
unevenness of about 7 nm was formed in the wafer surface. By heat-treating under the silicon carbide atmosphere 
which becomes almost equivalent [ the pressure which silicon carbide evaporates, and the pressure to crystallize ] 
so that clearly from this result. It can avoid forming big unevenness in the surface of the p type silicon carbide 
base regions 3a and 3b in which the surface channel layer 5 is formed. 

[0038]Even when the method of this embodiment was used, unevenness of about an average of 2 nm was accepted, 
but. Since unevenness of this level is what exists in the surface of an available wafer from the start now, according 
to the method of this embodiment, it can be said to perform heat treatment for activation so that unevenness 
currently formed in the wafer surface may not almost be enlarged. 

[The process shown in drawing 1 ( b)] And the surface channel layer 5 is grown epitaxially into the wafer surface 
which includes the surface of the p " type silicon carbide base regions 3a and 3b under the temperature of about 
1200-1500 for example with a CVD method. Since big unevenness is not formed in the surface of the n " type 
silicon carbide epilayer 2 used as a wafer surface at this time, the surface channel layer 5 with good crystallinity is 
formed. 

[0039]Then, planar type power metal-oxide semiconductor field effect transistor is completed through the process 
shown in drawing 8 a nd drawing 9. Thus, the planar type power metal-oxide semiconductor field effect transistor in 
this embodiment is manufactured. Next, an operation (operation) of this vertical mold power metal-oxide 
semiconductor field effect transistor is explained. When this MOSFET operates by no MARIOFU type accumulation 
mode and it does not impress voltage to a polysilicon gate electrode, A career is formed into all-ovei — the-districts 
depletion in the surface channel layer 5 by the potential produced according to the difference of the electrostatic 
potential between the p ~ type silicon carbide base regions 3a and 3b and the surface channel layer 5, and the 
difference of the work function between the surface channel layer 5 and the polysilicon gate electrode 8. By 
impressing voltage to the polysilicon gate electrode 8. the difference of the work function between the surface 
channel layer 5 and the polysilicon gate electrode 8 and the potential difference produced by the sum of the 
impressed electromotive force from the outside are changed. The state of a channel is controllable by this. 
[0040]That is, when the work function of the polysilicon gate electrode 8 is made into the 1st work function, the 
work function of the p ~ type silicon carbide base regions 3a and 3b is made into the 2nd work function and the work 
function of the surface channel layer 5 is made into the 3rd work function. Using the difference of the 1st - the 3rd 
work function, the impurity concentration and thickness of the 1st - the 3rd work function and surface channel layer 
5 can be set up so that the n type career of the surface channel layer 5 may be depletion-ized. 
[0041]In an OFF state, a depletion region is formed in the surface channel layer 5 of the electric field made with the 
p ' type silicon carbide base regions 3a and 3b and the polysilicon gate electrode 8. If positive bias is supplied from 
this state to the polysilicon gate electrode 8, The channel regions which extend fr-om the n"** type source regions 4a 
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and 4b to an n type drift region 2-way in the interface between the gate dielectric film (Si02) 7 and the surface 
channel layer 5 are formed, and it is switched to an ON state. At this time, an electron flows into the n ~ type silicon 
carbide epilayer 2 from the surface channel layer 5 via the surface channel layer 5 from the n"^ type source regions 
4a and 4b. And if the n ~ type silicon carbide epilayer 2 (drift region) is arrived at, an electron will flow into the n*** 
type silicon carbide semiconductor board 1 (n"*" drain) vertically. 

[0042]Thus. by impressing positive voltage to the gate electrode 8, the surface channel layer 5 is made to induce an 
accumulated type channel, and a career flows between the source electrode 10 and the drain electrode 11. At this 
time, as mentioned above, the planar type power metal-oxide semiconductor field effect transistor in this 
embodiment is what has the good crystallinity of the surface channel layer 5 as compared with planar type MOSFET 
in the former. For this reason, in this embodiment, rather than the conventional thing, the channel mobility of the 
surface channel layer 5 can be raised, and it can be considered as the planar type power metahoxide semiconductor 
field effect transistor of high mobility, 

[0043]In this embodiment, only when forming the p ~ type silicon carbide base regions 3a and 3b, heat-treat under 
the above-mentioned atmosphere, and big unevenness is not formed in a wafer surface, and are making, but. When 
forming the n* type source layers 4a and 4b. it may be made to heat-treat under the above-mentioned atmosphere. 
Namely, after forming the surface channel layer 5, are performing heat treatment for forming the amounts 4a and 4b 
of n"^ type sauce, but. Also in this case, although unevenness of the surface of the surface channel layer 5 is 
enlarged and it is thought that carrier mobility may be reduced. Thus, heat treatment for forming the n* type source 
regions 4a and 4b can also be made more into the outstanding quality crystalline surface channel layer 5, if big 
unevenness is made not to be formed in a wafer surface. 

[0044]Before forming the surface channel layer 5, the n'*' type source layers 4a and 4b are formed by heat treatment 
under the same atmosphere as the p ~ type silicon carbide base regions 3a and 3b. and it may be made to form the 
surface channel layer 5 after that. Also in this case, since big unevenness is not formed in a wafer surface by heat 

treatment for forming the type source layers 4a and 4b. it can be considered as the outstanding crystalline 
surface channel layer 5. 

[0045]In [ the case where a device is manufactured by the conventional method and when the p ~ type silicon 
carbide base regions 3a and 3b are formed under the above-mentioned atmosphere ]. The FET operating 
characteristic (voltage Vds characteristic between drain current Id-drain sauce) was investigated under the same 
gate voltage about the case where the p ~ type silicon carbide base regions 3a and 3b and the n"*" type source layers 
4a and 4b are formed under the above-mentioned atmosphere. The result is shown in drawing 3 . In a figure, the solid 
line has shown the conventional method and The p ~ type silicon carbide base region 3a, The two-dot chain line has 
shown the case where only 3b has shown the case where it forms under the above-mentioned atmosphere, with the 
dashed dotted line, and forms the p " type silicon carbide base regions 3a and 3b and the n"*" type silicon carbide 
base regions 4a and 4b under the above-mentioned atmosphere. 

[0046]This result shows that the drain current Id is increasing notably to the conventional planar type power metal- 
oxide semiconductor field effect transistor in the direction at the time of forming the p ~ type silicon carbide base 
regions 3a and 3b under the above-mentioned atmosphere. When the n"** type source layers 4a and 4b are formed 
under the above-mentioned atmosphere, it turns out that the drain current Id is increasing notably further. 
Therefore, it can be said that high mobility-ization of planar type power metal-oxide semiconductor field effect 
transistor can be attained. 

[0047]Thus. by performing heat treatment of the activation of an impurity by which the ion implantation was carried 
out under the silicon carbide atmosphere used as the sublimation pressure power of silicon carbide, and an 
equivalent pressure, the crystallinity of the surface channel layer 5 can be made good, and high mobility-ization of 
planar type power metal-oxide semiconductor field effect transistor can be attained. 

(A 2nd embodiment) This embodiment explains the case where it uses also [ heat treatment / which activates the 
impurity in the case of formation of heat treatment when growing the surface channel layer 5 epitaxially of the p ~ 
type silicon carbide base regions 3a and 3b ]. 

[0048]Since the manufacturing process of the planar type power metal-oxide semiconductor field effect transistor 
in this embodiment is almost the same as the conventional manufacturing process shown in drawing 7 - drawing 9 . it 
explains only a different portion and omits explanation about the same portion. First, the process shown in drawing 7 
(a) like the above is performed, and the n ~ type silicon carbide epilayer 2 is formed. 
[0049]Next the process shown below is carried out 

[The process shown in drawing 4 ( a)] The ion implantation of the p type impurities 300. such as boron (B"*^), is 
carried out to the predetermined region of the n ~ type silicon carbide epilayer 2. 

[The process shown in drawing 4 ( b)] With an epitaxial grown method, the surface channel layer 5 is formed in the 
surface (entire wafer surface) of the n ~ type silicon carbide epilayer 2, and the p type impurity 300 is further 
activated by heat treatment at this time. The conditions of epitaxial growth heat-treat at elevated temperature 
1300-1700 ** rather than the temperature of the epitaxial growth generally performed, and they make SiH4. C3H0, 
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and H2 source gas. Thereby, the surface channel layer 5 is formed and the p ~ type silicon carbide base regions 3a 
and 3b are activated. 

[0050]Although the silicon carbide of a wafer surface sublimates by heat treatment of this epitaxial growth 
(evaporation). In order to grow the surface channel layer 5 epitaxially simultaneously, silicon carbide is formed at 
quick speed in a wafer surface, and the surface channel layer 5 is formed rather than the silicon carbide of a wafer 
surface will sublimate (evaporation). That that is, big unevenness is formed in a wafer surface, Since it is because 
there is more quantity which the silicon carbide of a wafer surface sublimates (evaporation) than the quantity which 
sublimates to a wafer surface out of atmosphere (so lid ifi cation), and serves as silicon carbide. Big unevenness will 
not be formed in a wafer surface if the quantity which the silicon carbide of a wafer surface sublimates 
(evaporation) becomes less than the quantity which sublimates to a wafer surface out of atmosphere (solidification), 
and serves as silicon carbide. 

[0051]When it heat-treated on such conditions, the surface of the surface channel layer 5 was formed only 
unevenness of about an average of 2 nm. When heat-treated as reference under the above-mentioned conventional 
conditions (refer to the process shown in drawing 7 ( b)), unevenness of about 7 nm was formed in the surface of the 
surface channel layer 5. If silicon carbide is formed to a wafer surface and the surface channel layer 5 is quickly 
formed in it rather than the silicon carbide of a wafer surface will sublimate (evaporation) so that clearly from this 
result, the good crystalline surface channel layer 5 can be formed. 

[0052]In order to make heat treatment in the case of epitaxial growth for the surface channel layer 5 to form, and 
heat treatment for activation of the impurity which forms the p ~ type silicon carbide base regions 3a and 3b make it 
serve a double purpose in this way, A manufacturing process can be simplified as compared with the case where it 
heat-treats independently. Then, planar type power metal-oxide semiconductor field effect transistor is completed 
through the process shown in drawing 8 a nd drawing 9. 

[0053]Thus, the planar type power metal-oxide semiconductor field effect transistor in this completed embodiment. 
As compared with planar type MOSFET in the former, rather than ** used as a good thing, and the conventional 
thing, the crystallinity of the surface channel layer 5 can raise the channel mobility of the surface channel layer 5, 
and can consider it as the planar type power metal-oxide semiconductor field effect transistor of high mobility. 
[0054]Although heat treatment in the case of epitaxial growth for the surface channel layer 5 to form and heat 
treatment for activation of the impurity which forms the p ~ type silicon carbide base regions 3a and 3b were made 
to make it serve a double purpose in this embodiment In addition, heat treatment for activation of the impurity 
which forms the n ~ type source layers 3a and 3b can also be made to make it serve a double purpose. Namely, the 
ion implantation of the p type impurity for forming the p ~ type silicon carbide base regions 3a and 3b. before forming 
the surface channel layer 5, The ion implantation of the n type impurity for forming the n ~ type source layers 4a 
and 4b is performed, and the impurity poured in by heat treatment which grows the surface channel layer 5 
epitaxially after that can also be activated. 

[0055]Can avoid forming big unevenness in the surface of the surface channel layer 5 by doing in this way in the 
case of heat treatment of activation of the impurity for forming the n ~ type source regions 4a and 4b, and. Since 
the necessity of heatHreating activation of the impurity for forming the n ~ type source regions 4a and 4b 
separately can be abolished, simplification of a manufacturing process can be attained. 

[0056](Other embodiments) In order to make the inside of the high-frequency-induction-heating furnace 100 into 
silicon carbide atmosphere, he is trying to supply the gas for constituting silicon carbide in a 1st embodiment of the 
above, but it is also possible to adopt the method shown below. For example, as shown in drawing 5, form the sample 
table 110 in the position which opposes the sample table 101 by which the wafer (silicon carbide substrate 1) which 
forms a device among the high-frequency-induction-heating furnaces 100 is carried, and. By arranging the dummy 
silicon carbide substrate 120 to this sample table 110, and making the silicon carbide of the dummy silicon carbide 
substrate 120 sublimate (evaporation). The method of keeping silicon carbide from sublimating not much from the 
surface of the wafer 200 which forms a device (evaporation) is employable. In this case, if the dummy silicon carbide 
substrate 120 is made into the glass shape which carried out the character of section KO and the wafer 200 is 
covered on the whole, effect will be taken more. Silicon carbide powder etc. are beforehand put in in the high- 
frequency-induction-heating furnace 100. and the method to which make it make this silicon carbide powder 
sublimate (evaporation) can also be adopted. 

[005 7] Although planar type MOSFET was mentioned as the example and the above-mentioned embodiment 
explained it, one embodiment of this invention may be applied to what is called a trench type (concave type) vertical 
mold MOSFET that made the channel layer vertical to the substrate face. In the above-mentioned embodiment, 
when the crystal form of silicon carbide is shown, expression which attached the bar on the necessary number 
should be taken, but is attached and expressed behind a necessary number instead of attaching a bar on a 
necessary number in this specification, since restrictions are shown in an expressive medium. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a figure showing the manufacturing process of the planar type power metal-oxide semiconductor 
field effect transistor in a 1st embodiment, 

[Drawing 2]I t is a figure for explaining heat treatment at a high-frequency-induction-heatlng furnace. 
[Drawing 3] I t is a characteristic figure for comparing the carrier mobility of the surface channel layer 5 of the planar 
type power metal-oxide semiconductor field effect transistor in a 1st embodiment with the conventional thing. 
[Drawing 4] It is a figure showing the manufacturing process of the planar type power metal-oxide semiconductor 
field effect transistor in a 2nd embodiment. 

[Drawing 5]I t is a figure for explaining heat treatment at the high-frequency-induction-heating furnace in other 
embodiments. 

[Drawing 6] It is a sectional view in which these people show the composition of the vertical mold power metal-oxide 
semiconductor field effect transistor which applied previously. 

[Drawing 7] It is a figure showing the manufacturing process of the vertical mold power metal-oxide semiconductor 
field effect transistor shown in drawing 6. 

[Drawing 8]I t is a figure showing the manufacturing process of the vertical mold power metal-oxide semiconductor 
field effect transistor following drawing 7 . 

[Drawing 9] It is a figure showing the manufacturing process of the vertical mold power metal-oxide semiconductor 
field effect transistor following drawing 8. 
[Description of Notations] 

I — An n"*" type silicon carbide semiconductor board, 2 — n ~ type silicon carbide epitaxial layer, 3a, a 3 b — p ~ type 
silicon carbide base region. 4a, a 4 b — n"*" type source region, 5 [ — An insulator layer 10 / — A source electrode 

II / — Drain electrode. ] — A surface channel layer (n ' type SiC layer), 7 — Gate dielectric film, 8 — A gate 
electrode, 9 



[Translation done.] 
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[^B^3&5^9iUJ:5 i-r-SSS] ±1606 tc^b/c7-U 
-:hSMOSF ET-C». p" Mi^fl:S^-^->^M«t3 30 
a. 3b*'r:l->aAtCJ:-5rjgR£Ut:i*-S3&s> ii^-f 

S^tfefC. 1 2 0 0 'c^Sra^-siSsa-ccM^as (rStt 
^br^-jp) ^mrrsmi)i$>i> i^m^a -8210^ 

[002 0] C©^.A!lSfcJ:-,Tp- Mi^fbS^'^-x 

3 a . 3 b m>xmicff:&rhmmm ( s i c ) 

B©|HIfl*SA# < «5 . C©f*if^+i^i';l'R£S$n 
■5*ffi^-i'^>'U®5©*SB^t4?r^{b3-&TL/*t,\ ^ffi 40 

[0 0 2 1 ] ^^HjttjbiB.-itcffi^^^rfiS^n, + 

tS^K:4>. aA3nfc^!^©rStt{btcj:i^i.*;i/^ 
JS©^B^14©,Wb*p;5±-c ^ S pg{ bS^¥3S»|gg©ij 

[0022] 

[pja*»^Ts/cj?>©*®] ±iBaflf>*^^-rs/c so 
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«T©^^fJW*®*»ffl-r^„ m>miT}m8icm 
i£©^Hjtc*jt,^r«. (2) ©^®gp©m^^s 

[0 02 3] c©<fc^tc. ■^-p.fm^Bi&-r static 
«H(caM?+^oi/B (5) ^nmr^tctb. mm^^ 

*-'Hi©*SBm5:Mfb3-&^Ci^c< . a»^t^>©(C-r 

[0024] ft*^2 iaEm<Dmmicis<,^x\t. V-X 
'( 4 a . 4b) ^J^fiS-r-SXgtt. m 1 ^^M:?^*fi 

m^>{*>-&x-r?>i:mt. ^itmrnrnmrnrfximm 
0 1 mmm^mi'Srmmi.^ -a-sxei 

©ffitt<b^&?f^J:^(c-r-5CiK:J:0. ^S^^ + ^Jbii 
[0025] if*ffl3 cciaiE©^H^{<:*5U-rw. 1^2 « 

C©J:^tc, ^2 29^M:^$fi^imi^^S^*«!g5 

^t&mtt^fc}i)(DmMm^mmtti\t. m.m.(r)m^iL 

g©SBS{b*0SCi*i-C*6o i«*S4 K:fB*g©^H^ 
(c*it»-C«. elfb^lS^Ha*. e^{bSfg*i^ll^*E 
:^<h{it3f|H]^©E:^<!:T-S C i ^#iS[i L-Tl^^. 
[0026] C©J: ^ CC. ;^{ba«#Ha?r. g^^bS^ 
*i^»-r-5IK3<!:««ll^©l£;bi-r4atf. ^^i*®© 
^iB*»e>^lb^5g*s^l^ (afb) TSfii. ^I*B© 

m^K-c^-sfcfe. rS14{b©fcfe©igija®€:tf-3-c«># 
«»li©ia03&s:^f?<i&6i&(,>J:^{cr*5. /jTte. ^ 

S« (1 10) i^tcl^a^tf^citcjco-cjfJfiSL 
/c«3. 3 6K:«if3}<S7(c^-rJ:^(c^{ba^J:'3^c.5 
t»*iJtK:^S*tf ^ C i{c J: r>Xfitmti>Ct-biX 

[0027] ff*^8 «:f5tg©^?g{C*Jti-C«. *^(* 

II (2) ©^a}©HFf^M^«:. m2mmm^'^^^ 

(*®©«ilK:^ + ;^;b^Jgii^c5affi5^ + *iUJi (5) 



^SoD^^^aacc ct ^ r m 2 ^^S^i^* rSttI b 3 # r 
m2JimM©'<-XMlS (3a. 3b) ^rJ^fiJST-SCi 

[00 2 8 ] C<Dcfc^{C. -^-X^^^ffJ^-rS/c*© 

<*)a©^ffi«ciao*i?^^3n.5 J: 0 tai^x f - h'v^ lo 

-So */c. ^-xMi^^f$^-r^fcfe©^M!^©rS1±{b 
©l^ms^«iMtf'5ii:'S*i^d:t»fc«?)Jgg©$S[j^li©» 
DS^b^H-SCiJ&s-c*.^. 

[0029} x.\^^=^%^^f\^is,&<Dm<Dm!im^ 

t?tiSifi?+'>f';i/^S©^©?M!iSJ: ^bSfjaSi 
1 3 0 0~ 1 8 0 0'C«S-exh-^f:^^-> + ;l'fiKSi& 
tf5©*iW*U(<>, fi*:«9(cfetg©^Bjfcfca»T». 20 
xb-^ + i/-f;UfiSgiS{CJ:i3. ^l^^^)l©^SiC 5^ i' ;^ 
JU^J^i^c-2>affl5^f (5) 
S3l±«>i^t«c. ^ifc* Jl/^S©?^MS5cJ:-D 
T^2*mS:^*fi!^^?itt{b2-i*r'<-XMJ|{ (3a. 

«{C-«-XM«J;»)^>St,*V-;^^J^ (4 a. 4 b) 
Jg^-r^C i^r^Sii UTl».S. 
[003 0] C©J;-5tc. ifd?^^v--f;Uf;£S©|^©^. 
*!iSKJ;-o-C^^^?:?§^<b3-B-C. '^-XMiliiy- 30 

?i*ffiK^b-c^^i*{c. il*58©59!)m*5ff en. ? 
6 cc V - ;^ m.m=^mfS.ti> fc^<D:^m<Dmmt<Dmm 

[0 03 1 ] 

[^?3©*ife©?g,^] OT. :^mmimiC7jkrmmm^ 
imimmmm) :^mmmmiC7jk:$tii>mm^-^'j -mo 
m^icr>i,^xitm6(^9jk-rwm^^'7--Mo s f e Tim 

Si(i^gfi^©i^Si?ao. (Hifll©a5^{c-^c»t:t4SiHj 
[0032] $-r. iieii^^ifca? (a) oc^rxg 

C01 (a) Ktt^-TXSD nSB^fb^it'B2©^)E 50 
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mmic. pm^mm'^>(t>mx-r^, ^<D'ik. seas 
n/c^*ifi!K5*r§i±{b-r€>fc*tc. -^mmmm^n-cmm 

[0 033] 02{c^-ri^(c. mmmampi 0 0 

T'>'^*-^x?^f$^iS;■rs■^':c>'^ (c©«-^ic«. n- m 
^{b^ifji27t»sffM$nfcn* M^{b^^*#i*a 
«i) 2 oo*s^«S3ns^-&i 0 i^rtjaL/fcjnsift 
1 0 2 i , c ©jnMj^ 1 0 2 ©Ji-j^tcs^m 3 n/c»n^ 
ffl©3-YJH 0 3i*mr^fi£3nrt,^.5. Jn«i^i 

0 2«. *'Xtt$&/&J|f;iSct^ {c^corfcO. *p|^©:y 

[0034] c © J; ^ icmts.^ tifcMmi^imm^ 1 0 0 

?:fflt^T. a>'^2 0 0 5ri*f4'& 1 0 HC^iSL/, 3 -f 
;H 0 3'^am-r^Ci-Cj^rt?: 1300~1700'C 
©isatccu. ^iK!^©ri14lb©;^:«?)©l^a (r§t4^bT 

^^;^©il-^#H«{ct--StftK:. #H»©E:^*i^ 
fbS^ (S i C) AWH-rSffi;^ («T. ^»Ei(r> 

[0035] */c. C©i#. S«7K^{b^i^**X©^ 

tcL/rt.i-2.„ cn«. f^^5a©i^fc^^*5^-o-ros^ 
fc^x'h'o. s^©«*&s^^<-rsciicj:oa«« 

b*^0fiSsn.So 

[oo36]c©it?. m-m%,<DE.ti^m\:'im(omm 

( C C -C» n - Setl bS^x 2 ©^B) ©i^fbS^ 

(mfb) brm^-rssi, -^7 :c/^«mi^^bii 
tci,f-crj:<^ m^Mux'y yi^^mmic^m mit) ur 

^3n^J;^tc^c-5-cc^S/c«). ?g14{b©;rc3?)©^J& 
ffitc J: r :c -'^^B4c:A: ^cCflCidiff^fiK 3 nft J: ^ 

[ 0 0 3 7 ] c ©J: ^ ^c^f^rl^^^ls*^f o /c«^. 

ot^-A^MtCfi, ¥i^2 nmaS©lM10L*^ffM$n^c*i 

o/c. #^ib-r. ^ib^^H^-c^ct,^^ft^T-c« 

ffi?:tf -p/ci C 6. -t; x-'%*ffl{C 7 n mgg©Bflei3!)iff$ 

m^^tifc. C©^m*^6B^6*^)icJ:^JC. j^{b^^*i^ 
{ b-r -2,^;^ i^B^^b-r €.)E;^ i *5{5(i[S]^ i fj: 5 j^^tS 

535iJ^^$n-5p- M^<ba^'<-;^««3a. 3b© 

[ 0 0 3 8 ] ^cfc. ^mMmm(oy3m^m<.^tcm-^vh 
¥^ 2 n mgK©lael*is^^>6ni^:3i^ c ©ssciaei 
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rs^it<otctb<Dfmm^n ^ r u ^ i t » * ^. . 

mi ih) iC7jk-rxm:s tox. i2oo~i5oo 
'cmmoumr-cp- M^<t^*-^-xM^3a. 3 b 

[0 03 9] ccDft. a9tcn^-rxe*igr:7*u 

-:^M>'^■'7-MOS F ET?:^SX3-ti--?>. CCD<i:^(Cb 

r. ^:||^^gffJ!S^c*J^^■57*^-:fM>'^•■7-MOS FET 

m <9bm i:^m-rio *MOSFETtt^-vV:i-7 

a. 3 b iaB5^i'4^JH15<!:©P^CD»S!i<7^>e^i'^l' 20 
8 i CDra<D{±*MI^©ll(C J: 0 ^ CtcMiiic <t o 

[0 04 0 ]O^I3> 5i<Ui^';=3>-5-'- h^ffi8©{±* 
3 a . 3 b (Di±mSWl=S:m 2 Of±*EM^i b . ^M?^ i- 30 

nm<D^^ 'jT^^^it-r^mdcmi-^msayitrnm^ 

[0 04 1 ] :f :7t^SI«:*5iir. ^zmmit. p 

- Mi^{b^-4-;^0^3 a. 3 hRZfTii'j 3>y 

- hsffi8tcj:«3fp6nfcmw(cj;-5r. mm^-f^fi' 
«S8^c>FfL■riE©/^•'rT;^^m^&■r-si. y-^^ei^ 4o 

C»rn* ^V-X^^4a. 4b*i6n- MKU^h^ 

M^4a. 4b*>6*S5^ + ;^JH15^Mfil/«ffi5^-«' 
T. n- MeeibaiRif;i2 ( K';7 HMJ^) tc^f^S 

[0042] C®J: ^ Ccy- hSgS fCiEOSEE^EPJn 50 
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^la^if. y-x^@l 0 i Kb-f >m@l 1 ^©PbICc 

Jf$Sg{CfcltS7'U-:^S''N''7-MOSFETB. W^K. 
fct^f -5 7* b - :^^M O S F E T (Cib L "CaM^ + ^^WJi 

MJglfCfctiT fi!3fe©*>©J; 0 *>aS^ f 5 
©5^i'*;i/i^«)e*r6i±3-a'Sct*i-rfr. iifi^aftg© 

7" U - :^ M ^• -7 - M O S F E T i -r -5 C i r ^ 5 , 

[0 04 3] j^cte. *^ffjsir». p- mmtim-^ 

{C, n* S!v-y^«4a. 4 b *?Kja-r2.fci?)©^a 
^:?foTt,i^A^. C©lS-^{C4jl^r4>a®5^i'^ol/J15 
©affi©IH]0?r;*:^< b-CL*i,\ =^+yT^SiK*ffi 

Sy-XMi^4a. 4 b*}^fiS-rS;fc«>©5^A!S 

i^^\±<Dminfcms,mtj:mm^ f * ji'® 5 i -r s c i 
[0 044] mm^*^)\^m5^mf&-r^mic^ 

MV-XJ14a> 4b?rp- Mi^{bS3^'<-X«i^ 

3 a . 3 b ^mm<DnmMT-c<DmMm-cmss.Lx*s 

^. ^©f*«®5^-f*;i'®5'&j|5^-r^J:^fcL-c«>J: 

C<D^'>tj:m-^!'C'ii, n*My-xa4a> 4b4 

[0 04 5] ^cfc. ee*©:^arf'/^''^x*t3SLfc^s 

p- M^{bSS'^-XMlS3 a. 3b*±te#H 

^rvmis.L'tcm^t. p- M^{b3a^-^-^M^3 

a . 3 b RO^ n 'Sy->^B4a. 4b «:±gB#HMT 

*i. sft^tt. mi<o:^i:mmx9ikux$>K>. p- s 

M{b^^-xM^3 a . 3 b <D^±iEnmm.Tvmm 
Ltcm^^-!^.$mv7jkux$)io . p- M^^bgi*'^- 

X^J|S3a. 3bRZJ^n' S^^ba^'<-XiSlg84 a. 
[0 04 6] C©M*J;'). fi^*©7•^-:^M>'^*■7-M 

osFETtcstur. p- m^{tmm^--::^mm3a. 

3 b ^±fB#HaT-C?f^fiXL//c»^©:^*i K U-^ 

I d*!ii^K:tt:^o-ct»^ci*i*ij.5. Sfc, n* My 

-^m4a. 4 b?:±fB#BmTT-J^^L//cl©^CCB3 



u 

«e-pT. 7*^":^M-'^••7-MOSFET©^i^^^)ei 
[0 04 7] COr>J:^{c. -r*>aA3n/£:^iMtl<3C»rg 

MO S F E T©]«^«)S<b^0-S C -S, 

[0048] ^c*J. :*lltfiJi5J!g^c*^W•S:?'^-:^S-'^•■7 
-MOS FETOSfi^XglJ. 07-09 {C7n$n.5lt£ 

ie«i:|5l«{C07 (a> {Cn^-rXS*tfC*. n- M^ffcS 

[0049] ;>:{c. WT(cij^-rxg^^^€.. 

Cia4 (a) K^R-rxgD n- S^fbSfRxfB2©0f 
mmUC. :KP> (B* ) ^pM:^*fi!ej3 0 0*-f:t 20 

C04 (b) ic^n-rxg] xfa?^^'>+>>u^SStcJ:r> 
n- s^<b^if@2©^M (-f tea 

^^fja 0 o^ffil^-fb^-a-^o if^^-i^i^;nsft©^ 

iSa^c 1 3 0 0-1 700 -crfgt^as^tf ^ i^tfc. s 

ii^-c-;^^^3 a, 3 b*^ffittibSn-5. 30 

[0050] coifdf^'i'f Ji/fiSswi^teafcj:-? 

r, >^7^^^^M©^^bSS*5#^l (afb) -rs^^. pjut 

teas 5^ -t- ;^ jm 5 ^ X f ^ + ~> + ^ -Sr t i /t 
■^;cy>affi©K^bas*5#$ (M^b) Lrti^J; 

o«>aci;:^f- K•r9*-'^affiK:|^^bssg*5fia!i3n 

ffi«:;*c#^i:ia03is?^^3n^©W. a<i>'Naffi©^fbS 

^^ifs (»fb) -rs*&i. ^H»tp*^6•:?:t/^a®^c 
»ii <@{b) i/t:^{bS*ife-5«<fcD*>^i*/{pe>^dc© 

•i':<:^^a®©g^^ba^*^3* (m^b) -r-sa*^. # 4o 

?n^ct»©r*-5„ 

[0 0 5 1 ] C©J:'5^c^frr-^MS^ff-pA:fci^. ^ 
® 3^ -f * Jba 5 ©*® ». 5pi^ 2 n mSS©iaifIi L/d^JfJ 

( b ) K:^K-rxg#M) r?gi55S*tf -5 /c i C ^ . «B 
^ + ^^-lUil 5 ©affitC 7 n m?ig©(!flQ*SfJ^$ n/c. 
C©^*j5^6^6*>^cJ:'5«:. -5 3:>'^a®©||^bSS*s 
#11 («<t) L/rL*^J:0«>ii<'f iM^Mfcg^fkS 50 
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«iB^ + *;i'e5*J^^-rSJ:5tc-rn 
^att©M»^a:*H9^ + :^ JUJB 5 ^Bm-r?> ctifi 

[005 2] sfc. c©j:^{c. ^m^i'^Ji'msom 

RS-r-S/ci*©it:-^ + -> + ;U)5RS©^©M^3:Si, p- 
SKf biiS-i- 3 a , 3 b ^ff^^f €.^M^©ffi 
t4ib©fc«)©|giMSi^iftfflS-ltTt^Sfc*. mM=^ 
SiJ-fyfctf ^Ji^JcibbrSiJixe^fafOSib^SC tj&s-c 
c©f^. as. 09(cis-rxg*igr. p'u-:^ 

M^-f <7-MO S F E T^^fiS^-B- ^, 
[0 05 3] c©J; ^ (cbr^^Ofc*||]!iff$,«{cfci:r 
*:r^-:^®>'^•«7-MOSFET», S£*tCteWS7'U 
- :^ MM O S F E T (C tb 0 T^M ? + ^ 5 ©Ma^tt 
*5mW^i:4)©i^C'j-Cl^.2)to, fif5fe©«>©J:0*>aB5^ 

jtS^ttS© U - :^M-'^• -7 -M O S F E T i -r -5 C i *i 

[0 054] ^mm^^m-cit. mm^^^Jims 
©0fiR-r -5 fc*©x b- ^ + f ;i'RS;s©^©^.Ma i . 
p- m^imm^-^mms a . a b =&jim-r?>^m 

-Cn- MV-XJ13 a. 3 b*ffJ^-r-5^MigJ©?g14<b 

©fc«)©?Si«ia*3ftffls-a-^c<«;*>-ct4. -r^cto^v 
«®?^i'*ji'®5«r}i5fi£-rimc. p- m^imm^- 

XM^3a. 3 b?:JfM-r€./ci*©pM^M^©-i'jf> 
aAi> n- My-;^a4a. 4 h ^tcSb<D n 

^-'Ua5^xfi?+^'i';US£SS-li-^l^a{cr. &.A 

^nfc^*fi^©?stt^b*^f ^ c i ^>-c#So 

[0 0 5 5 ] C©J;^(C-r-5Ci-C. n- SV-X«i« 
4 a . 4 b *JI5gS-r-S!ti6©^*fii^©Sittfb©^A!ia© 

4 a . 4 b ^Jtm-r i> fcif)©^M!^©?g14{b©l»tea4 
»Mtf ^ 'Jm^ % < T C i *s-e # *| jtXg©ffi 

^b^0.5Ci*5-ctS. 

[0 05 6] (m<D^mmn^) ±ia» i 
mmmamip i o o ©ct»&^jbaim^Hm«:^s/c* 

tc. ^{bS^*«RS-rSA:«>©^;^*efet&^SJ:^{cL 

m«. 05K:^-rj:^{c. ift^jganii^*pi oo© 

igsns^f*^ 1 0 1 ^c>pf^s•r■5t^g{cli^^s^^ 1 1 o 
sitsistc. c©sr4^i 1 oic^z-(Dm<mmm 
1 2 0 5:BHg 5 -(D^itmmmm. i 2 0 <Dmt 

fiSf -5 -^7 a. 7 ^ 2 0 0 ©*S 6 * * 0 bS^*5#* 

(m{b) bTLS*DAj:i.j:^{c-r5it^'5:i^;a^Sffl-r 

sc<!:*5T-#-5, c©i#^{c*jt>r. ^^-(Dmtmm 



(8) 
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2 0 o«:^«:a«j(cs^j:^{c-rn«. <fc»)?aj»*#-r > 
[005 7] ±immmf^-vit. yu-i-mMo sfe 

WmuO SFE T{C:4:^|§©-j|Sifl?j!g*iSfflL-C^>a: 

m^K. r-j ^ftb-ra3iu-rt»4. 

[01 ] »l|liS?^.m*J^:f-i>7•^-:^M.'^•'7-MOS 

[02] i«^i^*cm*F-e©jS5*!ia4mBj^-5/cS>®at? 

FET®affi5^-«'*-»H15©^^+ yTi^SftSi. fie*©*20 
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[04] m2||^60m*JC:^S7•^-:^-S-'^•'7-MOS 

F E T©iiigxe€:^-r0-c*€>. 

[05] ffe©iiife0gi(c*jifSiifjiagjiBSi*F-c©jsy(5a 

[06] *tl^ISA3!»s$fe«:m^Ofc^f3®!-'^•■7-MOSFE 
[07] 06Km-r*afM''<'7-MOSFET©mJ&Xg 
[08] 07{C^<t^^M>'^•■7-MOSFET©$^3iXg 
[09] 08K:i^<^S^S''^•■7-MOSFET®M3tX|i 

[??^©iJiH§] 

I - n* mmt^^mWW^. 2- n- M^lbSl^x 

4 a. 4b"n* MV-^fl^, 5 -f 

II (n- ^S iCB). 7-y- h^iSIS. 8 -y-h 
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